Solar Physics 
DOI: 10.1007/* 



Quiet Sun Explosive Events: Jets, Splashes, and 
Eruptions 

D. E. Innes • L. Teriaca 

© Springer •••• 

Abstract Explosive events are broad non- Gaussian wings in the line profiles of 
small transition region phenomena. Images from the Solar Dynamics Observa- 
tory (SDO) give a first view of the plasma dynamics at the sites of explosive 
events seen in O VI spectra of a region of quiet Sun, taken with the ultraviolet 
spectrometer SUMER/SOHO. Distinct event bursts were seen either at the junc- 
tion of supergranular network cells or near emerging flux. Three are described 
in the context of their surrounding transition region (304 A) and coronal (171 A) 
activity. One showed plasma ejections from an isolated pair of sites, with a 
time lag of 50 s between events. At the later site, the EUV images show a hot 
core surrounded by a small, expanding ring of chromospheric emission which 
we interpret as a 'splash'. The second explosive event burst was related to flux 
■ cancellation, inferred from SDO/HMI magnetograms, and a coronal dimming 

surrounded by a ring of bright EUV emission with explosive events at positions 
where the spectrometer slit crossed the bright ring. The third series of events 
occurred at the base of a slow mini-CME. All events studied here imply jet-like 
flows probably triggered by magnetic reconnect ion at supergranular junctions. 
Events come from sites close to the footpoints of jets seen in AIA images, and 
possibly from the landing site of induced high velocity flows. They are not caused 
by rapid rotation in spicules. 
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1. Introduction 

Although transition region explosive events are seen very frequently in spectra 
of the quiet and active Sun, images of their sites have been difficult to obtain 
until recently. Transition region explosive event is the name given to small 
(1-5 arcsec), short-lived (1-5 min) non-Gaussian broadenings in the wings of 
spectral lines formed around 10^ K. They were discovered in HRTS spectra 
of transition region lines by IBrueckner and Bartoel (|1983p and later described 
in more detail by Dere, Bartoe, and Brueckner (|1989p and IDerel (|1994p . Since 
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the launch of SUMER/SOHO explosive events have been seen regularly in lines 
with formation temperature 6 x 10^ K {e.g. Cm) to 7 x 10^ K {e.g. Nevill) 



( [Wilhelm et a/., 2007] ). Both extended red and/or blue wings are observed. Anal- 
ysis of the line asymmetry shows a change with ion, position and evolution 



( |Dere, Bartoe, and Brueckner, 1989||Winebarger et a/., 2002} Mendoza- Torres, Torres-Papaqui, and Wilheln: 
and often a spatial offset between the red and blue wings. Events often come in 

bursts ( [Innes et a/., 1997"^! ) with 3-5 min between consecutive events ( |Ning, Innes, and Solanki, 2QQ4[ ).| 

The evolution of line profiles across individual events shows that in some 
events the underlying flows are similar to bi-directional jets ( [Innes et a/., 1997a ) 
originating in the transition region and ejected down to the chromosphere and 
up towards the corona. Examples have also been found that resemble supersonic 
up and down flows along loops ( [Teriaca et a/., 2QQ4t and, at the limb, flows along 
macrospicules ( [Wilhelm, 2QQQ[ ). Analysis of the energetics of the flows suggests 
that they carry equal energy in both directions ( Winebarger et a/., 2002 ). The 
energy input sites do not move during the course of the events but expand and 
shrink slowly across the surface with a speed about 25 km s~^ ( |Ning, Innes, and Solanki, 2004[ ).| 

Explosive events seem to concentrate along the boundaries of the magnetic 



network near sites of cancelling/evolving magnetic flux (Porter and Dere, 1991 



Chae et al, 1998| [Muglach, 2008| [Aiouaz, 2008) and are thus believed to result 
from magnetic reconnection at the Sun. Although the line profiles, energetics and 
magnetic field evolution can be explained by energy release at a reconnection site 



in the transition region (Sterling, Shibata, and Mariska, 1993 Dere et al.^ 1991 



Innes et al.^ 1997a[ [Innes and Toth, 1999[ Roussev et al.^ 2001 ) , it has been ar- 



gued that the transition region reacts with similar signatures of explosive energy 
release to microflaring in the corona ( Krucker and Benz, 2000f) or re connection 
in the photosphere ( Tarbell et al, 1999[ Ryutova and Tarbell, 2000 ). It is also 
possible that explosive events are related to chromospheric jets that cause jet-like 



brightenings in transition region and coronal images (De Pontieu et a/., 2011). 
At the moment, the debate is still open as to where the primary energy in- 
put site is and can probably only be resolved by high resolution simultaneous 
spectroscopic imaging from the chromosphere to the corona. 

An alternative to the jet /flow explanation is that the red and blue shifts are 
due to rotation rather than up and downflows ( [Curdt and Tian, 201 1[ ). Rotation 
is the explanation often given for observations of a red-to-blue change in Doppler 
shift during raster observations of spicules seen at the limb ( Pike and Mason, 1998H 
Kamio et a/., 2010] ); however fXia et a/.1(|2005p noticed similar red-to-blue changes] 
in line profiles obtained during sit-and- stare observations of limb spicules. These 
are most simply explained as ejected plasma that reaches a certain height and 
then falls back along the same path, casting some doubt on the rotation interpre- 
tation. A more compelling argument against rotation as a general explanation 
for explosive events, particularly in disk center observations, is that nearly 
all observed off-limb jets/spicules have higher vertical than lateral velocities 
( [Suematsu et al, 2008| [Scullion et al, 2009| [De Pontieu et al, 2012] ), and it is 
unlikely that events seen at disk center will behave differently and exhibit faster 
rotation than outflow. In order to distinguish jet-like from swirling motion co- 
temporal images of the chromosphere, corona and spectra of explosive events 
like the ones reported here are very useful. 
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Much has been written about the association of flows, observed as Doppler 
shifted emission, with coronal brightenings particularly since the CDS/SOHO 
spectrometer generally saw brightenings without significant line broadening ([Harrison , 1997H 



Harrison et a/., 1999, .Harrison et al, 2QQ3,.Madjarska and Doyle, 2QQ3D and SUMER| 



observing at higher resolution saw bursts of explosive events associated with 
brightenings ( [Innes, 2QQ1[ [Brkovic and Peter, 2QQ4[ ). Quiet Sun brightenings at 
transition region temperatures can be due to many processes ( [Priest, Hood, and Bewsher, 2QQ2] )| 
and this makes their interpretation confusing. For example, brightenings have 
been associated with eruption at network junctions where mixed-polarity fields 
are swept-up by supergranular flows ( [Harrison, 1997] [Potts, Khan, and Diver, 2QQ7H 



Innes et al.^ 2009 ) and also with flux emergence ( Doyle, Roussev, and Madjarska, 2QQ4{ | 
Subramanian et al, 2QQ8[) . Ilnnesi (|2QQip showed that strong explosive events of- 



ten had jet-like structure in TRACE Civ images but the TRACE 171 A quiet 
Sun emission was weak and difficult to interpret. In active regions strong ex- 
plosive events have been seen to coincide with sites of 171 A brightenings at the 
footpoints and along Ha jets ( [Madjarska, Doyle, and de Pontieu, 2009, ). 

Now with Atmospheric Imaging Assembly (AIA) ( [Lemen et aL, 2QT2| ) images 
from the Solar Dynamics Observatory (SDO) we have much higher quality filter 
images of the sites of explosive events at both transition region and coronal 
temperatures, as well as high cadence line-of-sight magnetic field observations 
and continuum images that allow us to track the photospheric flows in which 
the magnetic flux is entrained. 

The question to be addressed here is the structure and magnetic environment 
of brightenings associated with transition region explosive events. In the next 
section we describe the observations and give an overview of the quiet Sun region 
and sites of events. We then describe three explosive event bursts showing in each 
case how they relate to brightening in 304 and 171 A, the underlying magnetic 
field and photospheric flows. 



2. Observations 

The Solar Ultraviolet Measurements of Emitted Radiation (SUMER) spectrom- 
eter ( [Wilhelm et a/., 1995[ [Wilhelm et a/., 1997[ [Lemaire et a/., 19'97t observed 



the O VI 1032 A line near disk center in sit-and-stare mode from 22:11 UT 28 June 
2010 to 00:11 UT 29 June 2010 through the 4 x 300 arcsec^ slit with a cadence of 
60 s. The Sun's rotation rate at the position of the slit was 0.15 arcsec min~^, so 
over the two hours SUMER observed a region 18 x 300 arcsec^. Chromospheric 
(304 A), lower coronal (171 A), line-of-sight magnetic field, and supergranular flow 
images of the observed region are shown in the four panels of Figure [H The explo- 
sive events are discussed in the context of these four observables obtained from 
the AIA and Helioseismic and Magnetic Imager (HMI) ( [Scherrer et al.^ 2012 ) on 
SDO. 

During our observations the O VI line was dispersed on the bare part of detec- 
tor B. After each 60 s exposure 100 pixels across the O VI line were transmitted 
to the ground. This corresponds to a spectral window of 4. 4 A or ±600 km s~^ in 
line Doppler shift. After decompression, the SUMER data have been corrected 
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for dead time losses, local gain depression, flat-field and geometric distortion 
using the standard software provided in Solar Soft. The best available flatfield 
was obtained almost one year after the time of these observations. Since the 
flatfield evolves with time and position on the detector, we are unable to remove 
all flatfield artifacts. Residuals from the flatfleld subtraction lead to stripes in 
maps of fltted parameters {e.g., line width, see Figure [2j). We checked their effect 
on the fine proflles and found it to be modest. The SUMER detectors also have 
some smafl physical defects (damaged MCP) that cannot be corrected. Spectra 
from these locations are unreliable and not considered. Finally, it is important 
to mention that count rates in excess of 50 counts s~^ can produce irreversible 
gain depression, and thus alter the spectral proflles. This situation arises during 
the second event studied, where the line center count rates are high. However, 
careful inspection of the raw data reveals that the explosive event signature in 
the wings can be trusted. 

AIA takes full Sun images with a spatial resolution of 0.6 arcsec pixel" ^ and 
time cadence of 12 s in 10 wavelength bands, including seven extreme ultraviolet 
(EUV), two ultraviolet and one visible fllter. For the SDO analysis, we select two 
channels: 304A which is dominated by the He ll lines formed around 5 x 10^ K 
and 171A which is centered on the Feix line formed around at 6 x 10^ K. The 
level 1 data have been processed to deconvolve the point spread function and 
then registered to level 1.6 using SolarSoft routines. 

The underlying magnetic fleld and its evolution is obtained from HMI line-of- 
sight magnetograms with a pixel size 0.5 arcsec. Supergranule lanes and junctions 
are obtained by tracking the horizontal photospheric flows in HMI continuum 
images, taken with a cadence of 45 s. Flow velocities have been computed with 
the balltracking method developed by |Potts, Barrett, and Diver (j2004p (see also 
Attie, Innes, and Potts|(|2QQ9|) ). First the continuum images are de-rotated to the 



same time, then tracking is done on individual granules in consecutive images. 
Supergranule flows are computed by smoothing the resultant velocities over a 
Gaussian width of 4 arcsec, and averaging over 45 min. The positions of the flow 
arrows shown in the flgures have been computed by integrating arrow positions 
along streamlines. New arrows are continually added at random positions where 
there are few arrows and removed from regions where they cluster together. 
Arrows collect where the flows converge along supergranular cell boundaries and 
at junctions. Thus the arrows in Figure [l]i mostly overlie the magnetic fleld 
concentrations, except where flux emergence has occurred (yellow circle). 

The contribution function of the O VI 1032 line peaks at about 3 x 10^ K and 
has a tail extending to higher temperatures. For this reason the Ovi matches 
both the 304A and 17lA structures fairly well. Although the Ovi formation 
temperature is closest to that of Fe ix, the transition region dynamics are better 
reflected in the 304A images and these are therefore used for coalignment with 
SUMER. In Figure [2l we have created a synthetic sit-and-stare 304A image of 
the region covered by the SUMER slit. For each SUMER exposure we have 
taken the 304A image closest to the central time and then binned the data over 
4 arcsec in the X direction and 1 arcsec in the Y direction to give the same 
spatial coverage as the SUMER slit. There is very good overall agreement, and 
the alignment is within one arcsec in both directions. The main discrepancies are 
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where there are small brightenings in the O VI (e.g the brightening labelled '1'). 
As shown in the next section, these probably arise because the main brightening 
is very quick and not present in the 304A image taken to represent the 1 min 
SUMER exposure. For coalignment, we find it sufficient to use one AIA image 
per minute. 

An example of coaligned SUMER stigmatic spectra with the cotemporal AIA 
304A image is shown in Figure [3l As indicated by the horizontal dashed lines, 
explosive events coincide with brightening in the 304 A image. This was true for 
the whole time series, shown in the accompanying movie AIA_SUMER. It is also 
apparent from the movie that explosive events occur at specific sites and come 
in bursts. Strong events appear as profiles with widths greater than 80 km s~^. 
In Figure we show the O VI Doppler widths and enclose explosive events 
bursts in black rectangles. The grouping has been made by inspection and based 
on the temporal and spatial proximity of events. A single event is one or more 
consecutive event profiles at a single site. If several neighbouring sites produce 
an explosive event, or if explosive events come and go at a single site then we 
call this an explosive event burst. 

3. Event evolutions 

All explosive events seen in O VI were associated with small-scale brightenings 
m the AIA 304A images. Most events occurred in bursts but there were also 
several single or paired events. There were four main bursts. Unfortunately 
the two northern ones were near the detector defect and so are excluded from 
further study. We note that these bursts were just east of the newly emerged 
flux (Figure [T]i). In the following section we show the environment around the 
other two bursts and the brightest of the event pairs to give a feel for the type 
of structure producing explosive events. 

3.1. Jets and splash at loop footpoints 

This isolated pair of explosive events ('1' in Figure [2]) was associated with a 
pair of EUV brightenings that occurred in an otherwise quiet region, and allows 
a clear view of the individual explosive event sites. The evolution shown in 
Figures m and [5] only lasted three min. Each row shows the five AIA images from 
the 171 A (Figure 15 or 304A (Figure [l]) channel taken during the 60 s SUMER 
exposure, shown on the right. The 304A images are taken 3 s after the 171A 
ones. SUMER stigmatic images are shown on the right of the 171A images and 
the line profiles at the sites of brightening on the right of the 304 A images. 

In the AIA images, there are basically two small brightenings. They are seen 
as a well-separated pair in the first three frames along the middle row. The event 
started around 22:42:11 UT (the fourth frame on the top row) when both sites 
appear. The northern one is clearly the brightest and remained so for the first 
~ 50 s. Then it faded and has disappeared in the 22:43:11 UT frame. As the 
northern site faded, the intensity at the southern site started to increase and 
reached its peak brightness at 22:43:35 UT (first frame on the bottom row). We 
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Figure 1. The region observed 2010 June 28 22:11:00 UT: a) 304A; b) 171A; c) line-of-sight 
magnetic field, scaled between ±50 G; d) magnetic field with photospheric transverse flow 
arrows overplotted. The blue rectangle outlines the region covered by SUMER sit-and-stare 
observations. The yellow circle in (d) encloses a small site of recent flux emergence. 
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Figure 2. Coaligned AIA 304A and SUMER Ovi time series: (a) 304A intensity; (b) Ovi 
1032 A intensity; (c) Ovi 1032 A Doppler width scaled below 80 km s"-*^. In (c), events bursts 
are enclosed with black rectangles. The ones discussed in the text are numbered. The horizontal 
stripes in (c) are artifacts due to imperfect flatfielding, with the exception of the larger one 
around solar Y=10, that is due to an MCP defect. 



note that both sites produced explosive events in sync with the AIA brightenings. 
Initiahy only the northern site produced an explosive event (top row), then both 
(middle row) and at the end an explosive event was at the southern site only 
(bottom row). 

The southern site has a distinctly different structure in the 171 A and 304 A 
images. The 304 A channel shows a small ring of bright emission with a dark 
center, while the 171A channel shows a small bright point that coincides with 
the dark center of the 304A ring (blue circles. Figures H] and [5j) . Initially the 
304A ring is only 1-2 pixels (800 km) wide but over the following two images 
(30 s), the diameter doubles (first three frames in the bottom row. Figure [5|). 

The magnetic field evolution and supergranular flows, depicted as arrows, are 
shown in Figure [6l This was a small, almost unipolar (negative) supergranular 
junction. There was very little magnetic field evolution for the 2 hours around 
the event. HMI magnetograms have a la noise level of 10 G ( Liu et aL, 2012 ) 
so there may be weak positive polarity fields present. 

The structure of the event suggests that this may have been a small magnetic 
loop. In particular because the 171 A emission connects the two brightenings in 
the frame at 22:42:23 UT (Figure [4] right hand image on the top row). Assum- 
ing a semi-circular loop, the length would have been about 5 Mm. At onset 
(22:42:11 UT) both sites appeared in the same 171 or 304A image. We checked 
the EUV images from other channels and found that the two sites always ap- 
peared in the same image. Initially only the northern one produced jet-like flows. 
The travel time for a plasma jet with the observed velocity, ~ 100 km s~^, from 
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Figure 3. AIA 304A structure around SUMER Ovi explosive events: left) 304A intensity; 
right) O VI 1032A stigmatic spectrum. All three explosive events align with 304A brightenings 
(dashed lines). The white arrow points to a detector defect. This is one frame from the 
accompanying movie AIA_SUMER. 



one footpoint to the other would have been 50 s which is about the time between 
the fading of the northern footpoint and the peak intensity of the southern one. 
There was also a delay between the northern and southern explosive events. Due 
to the 60 s exposure time of SUMER, it is not possible to determine how long 
it was but it seems reasonable to assume it followed the brightening of the two 
footpoint s. 

A jet-like flow along a loop may explain the hot core surrounded by a ring of 
cooler emission seen at the other footpoint because high velocity plasma may cre- 
ate a splash when hitting the surface. It is not clear how much energy will be dis- 
sipated at the landing site. 1-D numerical simulations of plasmoid ejections along 
loops show that reflection can occur at the landing site ^St erling et a/., 1991 ). In 
3-D, the situation is likely to be similar but the extra dimensions may give rise 
to splashes. Reverse jets have also been seen on a larger scale in X-ray images 
dStrong et al, 1992| [Shimojo et a/.,^QQ7 ). 

The bright core was also seen in 211 and 193A images therefore it probably 
reached temperatures at least as high as 2 MK. Hot plasma is sometimes seen 
at the base of surges and jets ( [Madjarska, Doyle, and de Pontieu, 2QQ9D , so it 
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is also possible that the ring of chromospheric emission is the response of the 
surrounding plasma to a rapid surge-like up- and downflow. 

3.2. Flux cancellation at supergranular junction 

This burst of explosive events, labelled '2' in Figure [2l extended over 20 arcsec, 
and was seen as the the bright patch of network near (-200,-100) in Figure [T] 
drifted westward under the SUMER slit. At this site, there were multiple 304 A 
brightenings and dimmings (see the movie AIA_SUMER). Especially at the time 
that the region was scanned by the SUMER slit, there were several sudden 304 A 
dimmings with a bright ring around their edge. The biggest such dimming was 
associated with this burst of explosive events, and is illustrated by snapshots of 
304A, 171A and 171A base difference images in Figure [71 Unlike the structure 
described in '1', the central dimming and outer ring were seen simultaneously 
at 171 A, as well as at 193 and 211 A (not shown). We note that explosive event 
sites, indicated with arrows, are where the slit overlaps with the bright ring. 

The ring-like structure suggests eruption of a small loop system with con- 
nections in all directions. Such an eruption would explain the explosive events 
along the ring's edge since this is where one expects the footpoints of the erupt- 
ing loops. Due to the 60 s time cadence, and sit-and-stare observing sequence, 
the explosive event structure cannot be resolved. They could be caused by bi- 
directional jets ( jlnnes et a/., 1997a ) or flows along small loops. The important 



point here is that they coincide with brightenings along the edge of the erupting 
ring so are flows not rotating spicules. 

As seen in Figure [8] and the movie EVENT2_HMI, the event occurred at a 
mixed-polarity junction where converging flows were driving flux cancellation 
(yellow circles). Above we noted that the evolution looked like the opening of 
a small loop system and in Figure [7] one sees that initially there was a bright 
304A strand running southwards from the cancelling flux region. Eruption of 
this strand seems to have been the cause of the larger dimming. The actual 
dynamics of the eruption was probably more complicated than reconnection at 
a loop footpoint leading to eruption because there was a lot of surrounding 
small-scale activity but it may describe the essential process. Thus this event is 
a good example of flux cancellation leading to eruption and plasma jets in the 
transition region at the footpoints of an erupting loop system. 

3.3. Explosive events at the base of a mini-CME 

This series of explosive events, labelled '3' in Figure [2l occurred at the onset site 
of a quiet Sun mini-CME. The eruption is best seen in the accompanying movies 
EVENT3_304 and EVENT3_171. It started at a small mixed polarity supergran- 
ular junction and propagated across the supergranular cell to the north east (see 
blue circles in Figures [9] and [TT]) . The eruption is small compared with examples 
of mini-CMEs in the literature ( [Innes et al.^ 2009{ [Podladchikova et al, 201'Q{ 
Zheng et a/., 20111 ). It was the largest crossed by the slit in the two hours of 



observation. Significant explosive events are only seen at the base of the mini- 
CME where the 304 A brightens, not where the propagating front moves along 
the slit. 
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Figure 4.: The five 171A AIA images along each row shows the evolution during the SUMER Ovi exposure on the right. The 
vertical light blue dashed line in the middle of each 171A image indicates the position of the SUMER slit. Line-of-sight magnetic 
field contours at +/-20, 50 G are overplotted in white/black. On the SUMER spectra horizontal black solid and dotted lines 
indicate the position of the profiles shown in Figure |5l The blue circle in the bottom row surrounds the 'splash'. 




Figure 5.: Corresponding AIA images at 304 A of explosive events shown in Figure IH The spectra on the right have been replaced 
by line profiles across the events. The dashed line profile is from the upper event and the solid line is from the lower one. Blue 
circles on the bottom row surround the 'splash'. 
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Figure 6. SDO/HMI line-of-sight magnetograms for one hour before, at the time of, and 
one hour after event '1'. The supergranular flows are overplotted as red arrows on the central 
image. The black rectangle surrounds the explosive event site. The magnetic fleld is scaled 
±50 G. 



To determine the speed of the front, we constructed a time series of 171A 
base difference images along the white arrow in Figure [9l The front speed 
across the supergranule ceh was 20 km s~^ (Figure [TQ|) . Waves with velocity 
20-40 km s~^, emanating from explosive event sites and crossing neighbour- 
ing supergranular cells were picked up by previous TRACE and SUMER co- 
observations dlnnes, 2001D . In that study the waves showed up in SUMER density 
sensitive line ratios not in the filter images so they may not be exactly the same 
phenomena as the front observed here but the signs are that explosive events 
commonly give rise to larger-scale waves and propagating fronts. Therefore we 
believe explosive events are signatures of plasma jets at the base of eruptions, 
not the moving front which explains why they do not move along the slit. 



4. Summary 

This is the first analysis of simultaneous explosive event and SDO imaging ob- 
servations. Each event or burst of events have their own unique characteristics 
but all explosive events were associated with brightening in 304 A images. They 
appear to be from quasi-stationary jet-like flows and are not due to the rapid 
rotation of spicules. Bursts of explosive events are most commonly found at 
mixed-polarity junctions of supergranular cells. A small region of flux emer- 
gence was also the site of multiple explosive events but this region could not be 
studied due to a defect on the SUMER detector. We have investigated one pair 
of explosive events and two explosive event bursts. 

The pair of explosive events seem to have been produced by flow along a loop. 
Both explosive event sites appeared simultaneously in EUV channels but the 
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Figure 7.: Structure of sites around events '2': (left-to-right) SDO/AIA 304, 171, and base difference 171A images taken mid-way 
through the 60 s SUMER exposure on the right. The base difference is intensity difference between the 171A image and an image 
taken 5 min before the event (i.e. at 22:10 UT). Magnetic contours at +/-20, 50 G are overplotted in white/black. Blue arrows 
point to bright emission sites of explosive events. 
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Figure 8. SDO/HMI line-of-sight magnetograms leading up to the burst of events '2'. The 
supergranular flows are overplotted as red arrows on the central image. The yellow circle 
surrounds cancelling flux. The magnetic fleld is scaled ±50 G. 



time lag of 60 s between their peak brightness and the delay between explosive 
events suggests that energy released at one footpoint drove a flow along the loop 
to the other footpoint where there was a second explosive event. The structure 
of the 304 and 171 A emission at the site of the second event revealed a hot core 
surrounded by a ring of chromospheric emission. Such a structure at the site of 
an explosive event has so far not been reported. We interpret it as a splash in 
which the explosive event is the downward and reverse jet. Alternatively, it could 
be the response of the lower atmosphere to a small-scale spicule-like ejection that 
later falls back to the surface. 

Both explosive event bursts investigated here were associated with coronal 
dimming, implying that the coronal parts of the loops erupted. It is very likely 
that explosive events are bi-directional plasma jets at the footpoint of loops 
and these are tied to the photosphere explaining why explosive event sites do 
not move across the surface. This is consistent with the co-ordinated Ha, 171 A, 
and SUMER observations of a surge ( [Madjarska, Doyle, and de Pontieu, 2009D 
which showed strong stationary explosive events co- incident with 171 A bright- 
ening at the footpoints of Ha jets. 

We have seen that eruptions associated with explosive events can be signifi- 
cantly larger than the explosive events themselves. Similar flows around explosive 
event sites were noted bv lTeriaca et a/.l(|2004p . When deducing the energy of the 
events the full extent of eruptions must be considered. This will be the topic of 
future studies. 
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Figure 9.: Structure of sites around events '3': (left-to-right) SDO/AIA 304, 171, and base difference 171A images taken mid-way 
through the 60 s SUMER exposure on the right. The base difference is intensity difference between the 171A image and an image 
taken 5 min before the event (i.e. at 22:50 UT). Magnetic contours at +/-20, 50 G are overplotted in white/black. The white 
arrow shows the direction and position of the time evolution shown in Figure [TOl Blue arrows point to the sites of explosive events. 
The blue circle surrounds the mini-CME eruption. 
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Figure 10. 171A base difference evolution along white arrow in Figure [9] 
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Figure 11. SDO/HMI line-of-sight magnetograms for one hour before, at the time of, and 
one hour after event '3'. The supergranular flows are overplotted as red arrows on the central 
image. The blue circle indicates the region affected by the eruption. 
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